INTRODUCTION
Variability, both physical and biological, is the hallmark of a fully functional river system. The sources of this variability can be found in short-and long-term patterns of climate change (Edmonds et al. 2003) , in alterations to runoff and sediment transfer patterns (Church 2002 , Richards et al. 2002 , Montgomery and Boulton 2003 , and in changing hydrological and geomorphological responses to these patterns. The dependence of biota on these physical processes is reflected in the variable composition through time of plant and animal communities found both in-stream and in riparian zones (Nilsson et al. 1991b . The consequences of this variability and its connections with the attributes of dynamism and diversity in river ecosystems have been the subject of numerous reviews (Junk et al. 1989 , Poff and Ward 1989 , Petts 1990 , Naiman and Décamps 1997 . The alterations to these attributes caused by human activities such as dam construction have also been widely explored (Rood and Mahoney 1990 , Nilsson et al. 1991a , Johnson 2002 http://www.ecologyandsociety.org/vol10/iss1/art12/ Richter 2003) .
River managers need to be able to predict what is happening in their river systems because they are responsible, among other duties, for ensuring both adequate water supplies and flood management. Over many centuries, river management has been centered on the control of river flows, usually through construction projects such as dams and embankments. Although flow patterns reflect processes taking place across a catchment, flood management has often been organized at a local rather than at a catchment scale. For example, in the UK, channel modification has been and continues to be undertaken locally by a wide range of organizations and individuals such as the Environment Agency, internal drainage boards, and private landowners (Sear et al. 2000) . A common rationale behind both dam and channelization projects has been the reduction of flood risk as well as power generation and facilitation of agricultural drainage or irrigation. These projects have frequently had the effects of (1) reducing not only the connectivity between rivers and floodplains but also the variability of flows and sediment delivery patterns in river systems and (2) making river systems more predictable. Now that river restoration has been added to the river manager's portfolio of activities, it is being assessed in the light of the risks and uncertainties that it might create. The willingness of river managers to consider floodplain restoration projects is limited by the extent to which proposals appear to pose risks in terms of flooding or riverbank erosion. In this situation, the ability to predict the outcomes of restoration projects becomes of central importance (Adams et al. 2004) . Nevertheless, the restoration of a river system should increase its variability, because this is a major attribute that has been lost. At the same time, increased variability inevitably makes it more difficult to predict outcomes.
A scoping study was recently carried out in the UK to establish the need for Broad Scale Ecosystem Impact Modelling (BSEIM) that can evaluate the environmental and ecological implications of a variety of future flood management policies and practices (DEFRA/Environment Agency 2002). The main rationale for this study was to identify and eventually build predictive tools that take into account the interactions between different physical, biological, and socioeconomic processes; these tools can then be used to support the formulation of flood management policy at a wider landscape scale. This initiative is driven by the need to comply with the European Water Framework Directive (2000/60/EC), which requires River Basin Management Plans to be produced by 2015 and reflects the perceived need to maintain control as the spatial unit at which activities are planned and operated increases.
Although studies like the BSEIM study aim to reduce uncertainties by improving the modeling and predictive capacities of river catchment managers, even sophisticated predictive tools have a limited ability to predict ecosystem change and reduce uncertainty (Peters 1991 , Pace 2001 , Wissmar and Bisson 2003 , Schumaker et al. 2004 ). The rising number of adaptive management strategies reflects an appreciation of these shortcomings. A review of restored wetlands in central Europe concluded, after 40 yr of monitoring, that unexpected as well as expected successional pathways become established during restoration, and that a certain amount of unpredictability has to be taken for granted (Klötzli and Grootjans 2001) . This paper takes the view that there has to be the institutional capacity to accept relatively low levels of predictability in river restoration outcomes to accommodate system variability. Consequently, methods of project goal setting and evaluation must also be able to take variability into account over both short and long time scales. We begin with an analysis of the use of reference systems in defining goals for river restoration projects. We suggest that the use of restoration trajectories might make it easier to incorporate variability into restoration practice, and that this would be preferable to strict adherence to reference systems. The particular challenges of defining what levels of variability are important for restoring European floodplain forests are then used to demonstrate the practical and conceptual difficulties of including variability in restoration goal setting and evaluation. Finally, a case study from the UK is described in which the characteristics of the riverine landscape precluded the use of reference systems and encouraged nondeterministic approaches to restoration.
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REFERENCE SYSTEMS FOR RIVER RESTORATION PROJECTS

A context for restoration
In Western Europe, habitat management is well integrated into the mainstream of conservation practice. In the UK, for example, there are well established methods and traditions for manipulating habitats, such as coppicing a woodland or grazing a chalk grassland to achieve particular species mixes and habitat types. The whole process is quite well controlled, and outcomes are reasonably predictable (Adams 2003) . These practices are usually based on forms of land management that have been practiced for hundreds of years and, apart from a few sea cliffs or mountain crags, there are no habitats that have not experienced some form of human management (Ratcliffe 1977 , Adams 2003 . There is a much shorter history of habitat restoration than of habitat management for conservation, although the plethora of terms used to describe different types of restoration (discussed in Adams and Perrow 1999) reflects a continuum of practices that fall somewhere between habitat management and habitat restoration. The goals of conservation and restoration have usually been defined in terms of well documented vegetation types, most recently in the UK through the National Vegetation Classification (Rodwell 1991a (Rodwell ,b, 1992 (Rodwell , 1995 (Rodwell , 2000 , and are therefore predictable, although they may not always be achieved. But how natural are these vegetation types?
If natural means free from human interference, then they are all far from being natural. Their landscape value is culturally determined, and their species diversity is the result of combined human activities and natural processes over millennia. This has important implications for habitat creation, because it suggests that there is a choice between designing projects that are either historically and/or culturally determined or projects that can be free of such values, focused on the installation of physical and biological processes, and exploratory in their objectives. Of course, the choice is not so clear-cut, because these are two ends of a spectrum, some natural processes occur in all ecosystems, and any choice is applied in a context of changing climate and, in the case of rivers, changing catchment variables. Ultimately, our choice is based on the levels of variability, risk, and predictability that we are prepared to accept.
Limitations of reference systems
Defining ecological goals in a river restoration project is less easy than defining technical goals for activities like flood management, and is often centered around the provision of physical conditions suitable for one or more target species (Downs et al. 2003) . River restoration projects are usually carried out within the context of a river system whose state is different in many essential parameters from any previous system state. In addition, all biophysical systems are on a constantly changing trajectory through time and are essentially nondeterministic. Frequently, ecological goals are set by reference to some predetermined historical or previous condition, or a contemporary "reference" river system is used as a template. Known relationships between biota and physical parameters can also be used as a reference for refining objectives and the methods adopted to achieve them.
Using reference systems makes the definition of goals and objectives and the evaluation of success relatively straightforward. Reference systems also give river managers a greater sense of the predictability of the outcomes, although confidence in predictability may be misplaced. The degree to which the project outcomes and the reference system resemble each other can largely be decided by the way that objectives are set (Simons and Boeters 1998) . Evaluation of restoration projects is similarly carried out against the reference system, although the levels of rigor used to conduct such evaluations vary considerably (Anderson and Dugger 1998, Stream Corridor Working Group 1998) . In reality, river restoration outcomes are rarely assessed and evaluated (Holmes 1991 , Kondolf 1995 , and there are few well recorded examples of the degree to which objectives have been met. Although reference systems have obvious and important roles to play in choosing the levels of physical and ecological variability to return to a river system, there are also some issues to consider: (Wade et al. 1998 ), water quality, land use and runoff patterns, and river management practices. The little ice age produced considerable changes in flow patterns in glacially fed European rivers by increasing the flood frequency in many valleys. For example, in the River Arve below the Merde-Glace Glacier on Mont Blanc in France, flooding seems to have increased during the late 16th century in direct proportion to the advance of the ice, sometimes reinforced by sudden outflows from glacial dams (Grove 1988) . The use of a historic reference condition from this period would be difficult to replicate in terms of hydrological patterns. Probst (1989) defined a number of distinct hydroclimatic periods for the period since 1800, using hydrological records from a range of large European rivers ( Fig. 1 ). In the lower Red Deer River in Alberta, periods of higher rainfall and river flows, coupled with changes in upper catchment runoff patterns, have been shown to have promoted unusually extensive floodplain forest regeneration during the late 19th century (Cordes et al. 1997) . Such extensive regeneration could not be reproduced with the flows and suspended sediment loads measured in the Red Deer River today.
Throughout the Holocene there has been
considerable climate change, which is well documented for most countries in Europe through the use of pollen analysis and macrofossils. Although it is difficult to produce correlations between climate change and detailed changes in fluvial systems (Patton and Baker 1980) , there is nevertheless evidence during the Holocene of alternating phases of stability and high flood activity in many rivers in temperate zones (Starkel 1991a) . During the Holocene, many contemporary tree species existed, but the particular mixes of species found together from that period often do not have modernday analogs. There are good examples in a series of pollen profiles from Alberta, Canada, which show that white spruce (Picea glauca), poplar (Populus spp.), paper birch (Betula papyrifera), sagebrush (Artemisia spp.), and a series of grass species co-existed in the postglacial period from about 10,400 to 8000 BP (MacDonald 1987) . There is no modern-day analog for this mix of species in the region or anywhere else on the continent. There is clear evidence that the climate varied continuously through the interglacial periods, and, for this reason, trying to restore to a previously existing natural ecosystem is not necessarily a sustainable or realistic approach. Allen et al. (2001) , working in the lower Mississippi Basin, suggest that trying to restore to some previous system state is less important than trying to match species and physical conditions in floodplain forest restoration programs. Perhaps the best we can hope to do is reconstruct naturalistic rather than natural assemblages of plants and animals (Berger 1991 , Brookes et al. 1996 .
Fig. 1.
Fluctuations in mean annual discharge in relation to the long-term mean for a range of large European river systems. Values were determined using 5-yr moving average curves. Humid intervals can be observed during the periods 1840 -1850 , 1910 -1940 , and 1960 -1970 (Redrawn from Probst 1989 .
Projected climate change is necessarily going to affect runoff patterns and hydrological regimes.
Climate variability associated with the El Niño Southern Oscillation Pattern strongly affects peak flows of snowmelt from year to year in many river basins in the northwest United States (Edmonds et al. 2003) . General Circulation Models of future climate change are forecasting even greater variability with considerable variation in impacts between regions, although at present these models are not consistent or reliable.
For example, in the Pacific Northwest region of the United States, predictions of increases in winter precipitation vary from 3% to 50%, depending on the model (Edmonds et al. 2003 , NAST 2000 . Coping with increased variability between seasons may well be one of many adjustments that have to be made by river managers and factored into any restoration project.
The presence of alien or non-native species
Ecology and Society 10(1): 12 http://www.ecologyandsociety.org/vol10/iss1/art12/ in most river systems has increased over time. The reasons for this are varied but are associated with decreased geomorphological activity and increased human disturbance (Planty-Tabacchi et al. 1996 , Council of Europe 2004 . The presence of these species cannot be discounted during river restoration projects and may need to be included in predicted vegetation communities within project objectives. Changes in climate will inevitably have variable impacts on many native and alien species, e.g., through impacts on phenology and on physiological characteristics such as susceptibility to water stress. This will favor some species and not others, so that novel species assemblages can be expected along rivers. It seems likely that native and alien species will co-occur but that the effects of fluctuations in their populations will be insignificant compared to the range of variability in the abiotic components of a river system (Hengeveld 1994).
In a natural landscape, each location is
influenced by its landscape context. In any single location, plant succession occurs, disturbances at many scales and of many types exert an influence, and habitats are modified and created. At the landscape scale, there is effectively a mobile mosaic of habitats with many variable lag effects between disturbance processes and the response by both the abiotic components and the species of that landscape. Therefore, at any point in space and time, species assemblages are probably unique in terms of precise combinations of species type, numbers, and age structure. Ideally, restoration should take place at a spatial scale that allows this mobile mosaic to continue to exist, with the understanding that it will adjust itself over the long term to climate and contingent changes. In practice, restoration often takes place at much smaller spatial scales, and thus only part of the mosaic can be restored at any point in time. If a small area within a large mobile mosaic is influenced by its location within the mosaic, restoring that small area without the larger mobile mosaic will probably produce communities that are not identical to any communities that formerly occupied that location. This can be understood by simply considering the situation with propagules that may no longer be available in the seed bank or from previous upstream sources for plant regeneration (see Andersson et al. 2000) .
All of the above would suggest that variability through time is normal and that, for a given time frame, the range of that variability can be specified; by the same token, as the time frame extends, the variability will change its range and nature. They also suggest that, although short-term, well specified objectives, such as planting a predetermined area with a particular mix of floodplain forest trees, can be attained in river restoration projects, longer-term restoration trajectories should perhaps also be defined. These would be more speculative and based on acceptable or likely ranges of outcomes that admit variability into the system through time and over space. These restoration trajectories would have inherently low predictability on a year-to-year basis. However, a range of possible ecological outcomes over time could be defined by the present and projected physical system states of the river. At a practical level, this range could be defined, for example, by extreme values in available and projected hydrological time series, although, in this example, long flow records are needed to have confidence in predictions of the return periods of floods of different magnitude (Montgomery and Bolton 2003) .
The process of evaluating the success of restoration projects also has to allow for variability. It is frequently the case that restoration projects are assessed and evaluated for their success only a few years after the implementation of the mitigating activities (see Mitsch and Wilson 1996) . In addition, projects are often evaluated only in terms of how well they adhered to stated restoration activities, rather than outcomes. In an environment in which variability is desirable, such an assessment cannot evaluate a range of system states. Monitoring and assessment should take place over many years to get a picture of all the system states and to reduce the artificial impacts of practices such as planting vegetation instead of allowing natural regeneration to take place (Odum 1989 , Mitsch 1993 .
Monitoring is a particularly important activity when the assessment and evaluation of projects become long-term processes. Nilsson 1987 , Pautou et al. 1996 , Klimo and Hager 2001 . The regeneration of many floodplain forest tree species is particularly dependent on various intra-and interannual flow regimes and on sediment deposition on channel margins and, by extension, on upstream catchment processes. Regeneration is also affected by the availability of propagules (Johansson et al. 1996) and by animal use of floodplains, especially herbivory (Andersen and Cooper 2000) . In an unmodified river system, favorable conditions for the regeneration of these species only occurs in some years, giving a strong age structure to the forests. Their regeneration needs are described in detail in Hughes (2003) and listed in Table 1 .
In some of the literature on riverine landscapes, the mobility of the habitat mosaic in floodplain forests is described in terms of turnover rates for floodplain or riparian habitats (see Kalliola and Puhakka 1988 , Kangas 1989 , Hughes 1997 , Ward et al. 2002 . Turnover rate refers to the time over which all parts http://www.ecologyandsociety.org/vol10/iss1/art12/ of the floodplain have been eroded and redeposited and can be measured approximately by the age of the oldest vegetation communities on the floodplain. Channel margins turn over more frequently than areas on the outer edge of the floodplain, but turnover values usually refer to the entire floodplain system. In low-energy rivers, mobility is low and turnover rates are slow. In highenergy rivers, mobility, particularly of channel margins, is high and turnover rates are rapid. For example, the lower Amazon River is judged to have an approximate turnover period of 2000 yr (Junk 1989), whereas the Animas River in Colorado is estimated to turn over every 100-150 yr (Baker 1990 ). An advantage of using turnover rates to characterize different floodplain forest systems is that they absorb the lag effects between present population levels of adult trees and the (usually different from present) flow conditions that prevailed at the time of their regeneration.
If the floodplain forest mosaic is viewed at a small spatial scale (10 2 m), habitat patches in the forest will change from year to year in response to channel movement and as individual species arrive, die, or migrate. A time-lapse view at this small spatial scale would show great variability through time in the vegetation species assemblages found there (Fig. 2) . At the broader spatial scale of the reach or the whole floodplain, this variability becomes less pronounced because the balance of different habitat patches is more constant (Figs. 3A and 3B ). At this scale, the overall biodiversity of the reach does not change that much over time frames of 10-100 yr (see Ward et al. 2002) , except in response to river management practices or sudden changes in runoff or sedimentation patterns upstream. However, over longer periods of time (1000 yr), this balance at the reach scale might shift in response to isostatic lift or changes in climate, sea level, the availability of propagules, or the biophysical attributes of the catchment (Fig. 3C) . In this scenario, shifting geomorphological processes, e.g., from aggradation to down-cutting of the river valley, and altered channel patterns cause major changes in the ecological vectors and patterns in the floodplain. In this case, the nature of the variability has changed, and the ecological outcomes are less predictable.
There are numerous good examples in the literature on European rivers that demonstrate variability and change at these different spatial and temporal scales. The impact of river management on river dynamics and the mobile mosaic of floodplain forest has been described by Pautou et al. (1997) for the Drac River (Fig. 4) and by Girel et al. (2003) for the confluence of the Arc and Isère Rivers, all in the Rhône River system in France. The evolution of river systems over postglacial time periods and the response of floodplain plant communities are well described for northern Sweden by Nilsson et al. (1991a) . Studies in paleohydrology give us evidence of major changes in channel dynamics over the last 15,000 yr for a number of European rivers, including rivers in northern Finland (Koutaniemi 1991) and in Scotland (Maizels and Aitken 1991). One of the best-recorded rivers is the Vistula River in Poland, for which Starkel (1983 Starkel ( , 1991b ) has described major shifts in hydrogeomorphic activity through the Holocene (Fig. 5) . For the middle reaches of a range of European fluvial systems, Starkel (1991a) collates evidence to show changes in channel planform that are likely to have occurred through the Holocene. These changes reflect shifts in flood frequencies, sediment loads, and gradients; in general, reduced values tend to produce meandering rivers and increased values, braided rivers. Floodplain forests will probably have occupied floodplain zones during some of these periods and not others, depending on the climate, levels of geomorphologic activity (including mass movements in upper catchments), and the availability of propagules.
Restoration trajectories for floodplain forests
The needs of floodplain forests, listed in Table 1 , show that the critical disturbance processes that drive these ecosystems are the seasonally and annually variable water and sediment inputs to floodplain reaches during floods. Such dynamic forest systems could perhaps be deemed successfully restored if they exhibit turnover of their mobile mosaics from year to year. However, there are two difficult questions to answer:
What turnover rate is desirable?
2. What range of flows is needed to produce this desirable turnover rate?
These questions are difficult to answer because the Ecology and Society 10(1): 12 http://www.ecologyandsociety.org/vol10/iss1/art12/ Fig. 2 . At a small spatial scale (reach scale of 10 2 m), considerable changes in vegetation communities can be observed between two time periods in a geomorphologically active floodplain. spatial and temporal scales at which these highly mobile systems are viewed affect our assessment of what levels of flow variability are important to their functioning. It is clear from the discussion above that, although there can be constancy in the balance of mosaic components over some time frames, e.g., 10-100 yr, the balance tends to follow a trajectory over longer time frames (1000 yr) or when river management practices cause rapid change over short time frames. Similarly, viewing the system at small spatial scales will tend to show greater variability through time than viewing the whole floodplain. For systems as mobile as floodplain forests, rather than defining restoration objectives in terms of precise species or habitat parameters that are assessed yearly or after only a few years, it might be preferable to outline restoration trajectories over longer time frames (decadel). This also allows for the fact that floodplain forests are dependent on processes higher up in the catchment over which a restorer will have little or no control. A restoration trajectory will in many ways broadly mimic previously existing floodplain forest systems, but, in the light of past and projected changes in river systems, might be characterized by:
Ranges of flow and sedimentation inputs that
are not necessarily the same as those experienced in any previous time period. The timing of high and low flows might also be novel.
2. An annual balance of habitat types that varies over several decades but does not necessarily match previous balances. This can be measured by the percentage of the floodplain occupied by different species assemblages. Turnover rates can roughly be calculated by the proportion of habitats in pioneer and mature stages, with high values of pioneer habitats reflecting rapid turnover rates. Fig. 3 . At the scale of a whole floodplain, rapid change in the distribution of floodplain vegetation communities A and B can be observed between times t 1 and t 2 . However, the balance of the area occupied by these three communities remains the same (Figs. 3A and 3B ). Over a longer time period, there may be changes in catchment parameters that alter the geomorphological patterns and hydrological activity of the river. By time t 3 , the meandering river has become braided, and a new vegetation community (C) has arrived. The balance of floodplain vegetation communities has now changed (Fig. 3C) . Between 1948 and 1994 , the River Drac in France changed from a wide, braided floodplain dominated by gravel bars to a narrower, less mobile floodplain dominated by mature woodland. Change to this floodplain was caused by gravel extraction and dam construction, which together caused channel incision and alterations to the hydrograph (Redrawn from Pautou et al. 1997) .
Fig. 4.
3.
A range of species assemblages that might be novel because they include alien species that cannot easily be removed from the system or because dispersal routes for propagules have been changed, for example, by a dam.
The trajectory can be defined by the range of values assigned to each of these characteristics. Although the success of the restoration outcome is more difficult to assess on a yearly basis, over the decadel time frame an acceptable range of outcomes might have been achieved along the trajectory (Fig. 6) . Over time, there may be a change in key physical parameters, e.g., as a result of dam construction, increased water abstraction, or global climate change. Tree regeneration patterns and the nature of the habitat mosaic will reflect changes in these key parameters, and either the restoration trajectory has to be redefined (Fig. 6 ) or changes to the key parameters have to be reversed or compensated for. The real difficulty with this approach is the need to reconcile a process-driven, mobile, and variable habitat with a river manager's need for a low-risk, predictable system. In addition, using a restoration trajectory is an open-ended arrangement, because it is difficult to say when the project is complete in terms of ecological outcomes. However, the approach reflects real system attributes and needs to be accommodated within the organizational, financial, and evaluation structures of river management agencies. Good collaboration with stakeholders is also needed so that ideas on openended and unpredictable approaches to habitat restoration can be more widely shared.
Ecology and Society 10(1): 12 http://www.ecologyandsociety.org/vol10/iss1/art12/ Fig. 5 . Variations in fluvial activity in the upper Vistula River basin, Poland, through the Holocene. Phases of increased (+) and decreased (-) fluvial activity have been identified through interpretation and dating of alluvial fills and abandoned palaeochannels. Phases of higher fluvial activity correlate with braided channel patterns, whereas stable phases correlate with meandering channel pattterns (Redrawn from Starkel 1991a).
Fig. 6.
A restoration trajectory over an arbitrary 24-yr period (t 1-24 ) might have been chosen to achieve an average balance of target species assemblages ( ___ ). It takes into account the great interannual variability in these species assemblages over time and demonstrates that the evaluation of projects over short time periods will be misleading. Thus, evaluation in year t 7 only would give an impression of a strong bias in favor of some species assemblages, whereas evaluations in years t 12-14 would give a very different result. When externalities such as climate parameters change, the trajectory will take a new direction (----), and restoration expectations and perhaps activities will also have to change.
Ecology and Society 10(1): 12 http://www.ecologyandsociety.org/vol10/iss1/art12/ Restoration strategies for floodplain forests are not well developed in Europe because, on the whole, few river restoration schemes have been designed with the restoration of these dynamic ecosystems as a prime objective (Moss et al. 2003) . There are notable exceptions, including the well documented Regelsbrunner Au Project on the River Danube and efforts to naturalize the species composition of forests through forestry practices, for example, in the Gemenc floodplain forests of the Duna-Drava National Park in Hungary. The local-scale approach to river restoration that prevails in Europe is determined by constraints on land use and hydrological manipulation (Hughes and Rood 2003) and makes it difficult to restore systems to an ecologically dynamic and physically mobile state. Catchment-scale and more process-driven approaches may become feasible using water allocation methodologies but have not been fully explored in the European context (Hughes and Rood 2003) . The need for catchment-scale approaches and remobilization of floodplains has been highlighted by work on the European black poplar (Populus nigra L.), a pioneer species of floodplain forests across western and central Europe that has rapidly disappeared as rivers have become stabilized. Its genetic diversity, both within and between river basins, is closely linked to the turnover of its populations in mobile floodplain areas (Lefèvre and Kajba 2001, van Dam and Bordács 2002) . In many countries there is now an interest in setting back floodplain defences and allowing rivers more space to move as a soft engineering response to the highermagnitude and more frequent floods of recent years. Opportunities for the restoration of floodplain forests seem more likely to appear as a result.
RESTORATION IN A HEAVILY IMPACTED CATCHMENT: A CASE FOR NONDETERMINISTIC APPROACHES
The history of the fenland catchments of East Anglia, UK Some riparian landscapes are so affected by human activities that the attributes of the starting point for restoration bear no resemblance to any of the attributes of the riparian landscapes that have existed there during the postglacial evolution of the river valleys. Restoration in such catchments has to be innovative and exploratory and is largely unable to use reference systems. It may not be possible to reinstate any of the processes that characterized the former channel and floodplain systems. After evaluation of the physical and biological attributes of the catchment, a restoration trajectory can be initiated that will undoubtedly have unpredictable outcomes because there is no past experience for comparison and show considerable variability in ecological outcomes over short time scales (10 yr). There will also be opportunities to monitor and evaluate these ecological outcomes as the restoration trajectory progresses.
In the Fenland of East Anglia (UK), there is today a landscape that is characterized by a geometrical pattern of drainage ditches and straightened, slowmoving rivers. The land in between is used for intensive arable agriculture on the remnant peat soils or riverine/estuarine alluvium of what was once a vast floodplain wetland of about 3850 km 2 (Moore 1997) crossed by meandering rivers. As seen in Fig. 7A , fenland rivers had well established channels in the pre-Roman period, and the coastline was inland of its present location (Astbury 1957 , Rowell 1997 . From Roman times until the 17th century, there was piecemeal reclamation of the fertile peat soils of the fens followed by major drainage phases during the 17th and 19th centuries. Drainage of the fens caused the peat to shrink and oxidize and land levels to drop. What was once a mobile and variable riverine landscape was turned into a static landscape with little ecological interest or biodiversity and largely canalized rivers perched 2-3 m above the surrounding landscape (Fig. 7B ). It could be described as an inverted riverine landscape.
Restoration trajectories at Wicken Fen
Although four small nature reserves in the fenland area have preserved some fragments of the original floodplain mire, they occupy a total of only 7.13 km 2 . One of these, Wicken Fen National Nature Reserve, consists of 130 ha of alkaline fen on an area of undrained peat that began forming about 4000 yr BP (Gallois 1988) . This nature reserve was first designated in 1899 and is owned by the National Trust. It has an exceptionally rich flora and fauna, with nearly 7000 recorded species (Friday and Colston 1999, Friday and Moorhouse 1999) . It is classified as a Site of Special Scientific Interest under the UK Wildlife and Countryside Act (1981) and has been designated a Wetland of International Importance under the RAMSAR Convention (1971) . It has also become part of the Natura 2000 Fig. 7 . The four main rivers of pre-Roman Fenland drained northwards into The Wash. The coastline was considerably inland of the present-day coastline (A). During the 17th century, the rivers were realigned, and an extensive drainage system was dug (B). Today the abandoned river channels remain in the form of sinuous gravel ridges, 2-3 m above the level of the land (after Astbury 1957).
network of Special Areas for Conservation under the EU Habitats Directive (92/43/EEC:1992), notably for its Molinia caerulea-dominated fen meadow and tall herb fen.
The program of land purchase put in place at Wicken Fen in 1992 has since grown into the "Wicken Fen 100 Year Vision" (Fig. 8) . This vision has as its main aim the acquisition of 3700 ha of farmland between the nature reserve and the city of Cambridge to the south over a 100-yr period (Friday and Moorhouse 1999) . The rationale behind the vision is to restore a small subcatchment of the original fenland by acquiring land and a higher degree of control over water inputs and outputs. Ultimately, the aim is to have a mobile mosaic of riparian wetland habitats within this subcatchment (Colston 2003) . At the present time, 263 ha have been purchased.
The subcatchment to be restored has some difficult characteristics to accommodate if wetland habitats are to be recreated. Although the average annual rainfall is 530 mm, the average annual potential evapotranspiration is 594 mm and exceeds rainfall from April to September (McCartney and de la Hera 2004). The annual renewable water resource is fully allocated for both groundwater and summer surface waters (Grout and Whiteman 2000) . In addition, land in the subcatchment has the following characteristics that preclude the use of the original nature reserve as a reference system for restoration:
1. The original peat has largely disappeared because of drainage and arable agriculture.
2.
The river system, which is managed by the Environment Agency, is perched up to 3 m above the land level, from which it is usually physically isolated. There is no immediate prospect of returning geomorphologically dynamic channel systems to the area.
3.
There is a drainage system, managed by internal drainage boards, which lies up to 3
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4.
The seed bank in the new land is very variable, containing many arable weeds, and early reversion following the end of cultivation produces a dense mass of thistles.
5.
There is an insufficient workforce to cut and mow the restored habitats.
As a result, the vision has stressed the creation of a mobile mosaic of habitats by a combination of grazing by self-reliant, free-roaming herds of animals and water level control (Friday and Moorhouse 1999 (2000), who advocates a processdriven rather than prescriptive approach to restoration with unpredictable restoration outcomes. The interest also comes from the experience in The Netherlands at the Oostvaardersplassen Nature Reserve, where 5000 ha of restored wetland are grazed by feral and wild herbivores, creating a mobile mosaic of habitats. The project in The Netherlands has not been in existence long enough to know if the balance of habitats is stable over time, nor is it known if a restoration area of this size can produce stability in habitat balance.
Essentially, the restoration area at Wicken Fen has no past or present analogs to provide an entirely appropriate reference system, although this does not preclude defining objectives that fit in with local, regional, or national objectives for habitat restoration (Mountford et al. 1999) . A new ecological dynamic will be created that might consist of many novel habitats (Moorhouse 1999) , although broadly they will comprise wet grasslands, reed beds, and aquatic habitats. Considerable yearto-year variability in their composition is expected, and the monitoring program is being developed to capture this variability. Compared with many restoration sites in the UK, the projected size of the site will be very large and offer enough scope for process-driven restoration with broadly defined objectives and low management intervention.
Moreover, the presence within Fenland of four other restoration sites of a comparable extent (Gerrard 2004 , Mountford et al. 2004 , RSPB 2003 , Hanson-RSPB 2004 presents an opportunity to contemplate wetland restoration at a regional floodplain scale. Over time, restoration trajectories can be expected to emerge that will be defined by:
1. Sources of propagules from both the adjacent nature reserve and the past arable history.
2.
The status of soils.
3.
Water table levels. These will be determined by levels of physical connectivity between riparian zones and the channel and drainage systems and by abstraction from nearby channels, which in the Fens are known as "lodes."
4.
The grazing habits and densities of selfreliant animal herds.
The impact of climate change.
At present, the Countryside Stewardship Scheme funds the restoration process. This scheme, administered through the Department for Environment, Food and Rural Affairs, provides incentives to private landowners or conservation organizations wishing to restore riparian or floodplain land. It is strictly administered, and financing can be withdrawn for noncompliance. Although most evaluation of restoration schemes has been based primarily on compliance rather than ecological outcomes, more attention has been paid to monitoring biodiversity gains in agrienvironment schemes in the last five years (Carey 2001) . Nonetheless, it is difficult to evaluate the long-term ecological success of such a restoration project because novel, possibly transient, communities will have a conservation value that may be real even if not officially designated (Mountford et al. 1999) . It is clear from http://www.ecologyandsociety.org/vol10/iss1/art12/ experimental work at Wicken Fen that even small variations in water levels and ground treatment can have significant impacts on the particular species mixes that will appear (Xiong et al. 2003) .
CONCLUSION
The motivation for ecological restoration often derives from the idea that " ... successful reconstruction of ecosystems, when it is achieved, has the reward that it is the ultimate proof of our ecological understanding ... " (Bradshaw 1983) . However, this assumes that we know what kinds of ecological outcomes are desirable. In riparian ecosystems, variability and unpredictability are well marked characteristics. The spatial and temporal scales at which these mobile systems are viewed affect our understanding of what are desirable ecological outcomes. It also affects our analysis of the needs of these systems in terms of the range of variability in the physical inputs of floods and sediments significant for their functioning. For this reason, it is difficult to use reference systems in their restoration and more realistic to consider their restoration as following a trajectory rather than achieving some predetermined ecological end point.
Management of both nature reserves and restoration schemes often consists of intensive and frequent manipulation of the ecosystem to maintain or encourage the presence of some feature of designated value. This is not inappropriate in many situations, especially where restoration can only be carried out on small areas or where a specific species is being preserved. Measuring the success of such schemes may suffer both from a grossly optimistic belief in a deterministic approach to restoration and from an overcautious adherence to control and predictability. Goal setting and evaluation frequently go no further than a nostalgic embracing of some artifact such as a fen-meadow that, in real terms, is transient. The "Wicken Fen 100 Year Vision" acknowledges that nature conservation and restoration at the timescale of 10, 100, 1000, or more years must allow for uncertainty. By dealing with thousands of hectares and extensive management, the vision hopes to use self-regulation at the landscape level to compensate for the losses of fragile fragments caused by localized random events. 
